Utah State University

DigitalCommons@USU
All Graduate Theses and Dissertations

Graduate Studies

5-1972

Formation and Control of Chlorophyll and Solanine in Tubers of
Solanum tuberosum, L. and Evaluation of Solanine Toxicity
Bhaskarrao C. Patil
Utah State University

Follow this and additional works at: https://digitalcommons.usu.edu/etd
Part of the Nutrition Commons

Recommended Citation
Patil, Bhaskarrao C., "Formation and Control of Chlorophyll and Solanine in Tubers of Solanum tuberosum,
L. and Evaluation of Solanine Toxicity" (1972). All Graduate Theses and Dissertations. 5125.
https://digitalcommons.usu.edu/etd/5125

This Dissertation is brought to you for free and open
access by the Graduate Studies at
DigitalCommons@USU. It has been accepted for
inclusion in All Graduate Theses and Dissertations by an
authorized administrator of DigitalCommons@USU. For
more information, please contact
digitalcommons@usu.edu.

ii

ACKNOWLEDGMENTS

I am sincerely
for suggesting

grateful

the problem,

my major professor,

to Dr. D. K. Salunkhe,

for the guidance,

and encouragement

throughout

this study.
I am also indebted
Ernstrom,

Professor

R. F. Keeler,
appreciation

to the committee

D. V. Sisson,

members,

Professor

Professor

J. T. Blake,

for their advise and review of this study.
to Dr. L. E. Olson for serving

C. A .

and Professor

I extend my sincere

on my committee

for nearly

two

years.
My thanks are due to Dr. B. Singh for his advice;
for his suggestions,

interest,

and assistance

Dr. G. P. Das for conducting
Acknowledgments
Research

Service,

ing the Trichoderma
for the tubers

U. S. Department
viride

of potato cultivars

in my education

of Agriculture,

fungus culture

work; and

examination.

are due to Dr. M. W. Pedersen,

I am indeed grateful
interest

the post-mortem

in toxicological

Dr. R. P. Sharma

Logan,

and to Professor

Agricultural
Utah, for supplyGolden L . Stoker

used in this study.

to the late Dr. N. B. Kulkarni

and for his love and affection

for his unfailing

for my family.

Bhaskarrao

C. Patil

iii

TABLE OF CONTENTS

Page

. ........

ACKNOWLEDGMENTS
LIST OF TABLES

..

LIST OF FIGURES

..

ABSTRACT

...

ii

...................................

v

. . . . . . . . . . . ........................

. viii

. . . . . . . . . . . . . . . . . . ....................
... . . . ......

INTRODUCTION
REVIEW OF LITERATURE

Factors

. ....................

affecting

x

. ..............

1

.. . ... .. . .. .... . .. ... . . . . .. .. .
greening
..... .........
........
~

Cultivar ....
Temperature
.....
.
Humidity ........
.
Light intensity and quality ...

....

11
11

12
13
14
15
17

............

Plant material
Chemicals
...
Animals
Light and experimental
arrangement
Analytical methods ...............

10
10
10

Distribution of solanine
.........
.
Chemistry and biosynthesis
of solanine
Control of greening
.........
.
Outbreaks of solanine poisoning ..
Pharmacology
of solanine
EXPERIMENTAL

10

. .........

.

19
19
20
20
23

.

Chlorophyll analysis
Solanine analysis . . .
Chemical application to potato tubers ..........
Irradiation and co enrichment of atmosphere
2

19

23
23
.
(CA) .. .

27
27

iv

TABLE OF CONTENTS (Continued)

Page
Storage at subatmospheric
pressures
Respiration
..
Toxicology .. ....
..............

....

32
39
39

.

Estimation of lethal dose in mice
Acetylcholinesterase
activity .. .
Influence of three drugs
Bioassay
....
Sta tis ti cal analysis
RESULTS AND DISCUSSION

39
39

40
40

..............................

41

. ........

42

.......

Cultivars
......
.
Specific gravities
..
Light intensities
...
Duration of exposure
Respiration
.....
.
Chemical application to potato tubers
Gamma radiation and CA .. . ....
.
Storage at subatmospheric
pressures
Toxicology . . . . . . . . . . . . . . . . .....
Estimation of lethal dose in mice
Clinical observations
and anticholinest .erase
effects of solanine ...............
Influence of three drugs on solanine toxicity
Bioassay
.. .......................

42
42

46
49
52
55

59
65
65
65

.
.
.

69
76
76

SUMMARY AND CONCLUSIONS

81

LITERATURE

83

APPENDIX

.

CITED ..

. . . .. . ... . . .. .. .. . ... . ..

VITA .............................................•

90
111

v

LIST OF TABLES

Table
1.

2.

3.

4.

5.

Page
Chlorophyll and solanine contents of 11 cultivars exposed
to white fluorescent
light at 100 ft-c for a period of 5 days
during March-April,
1970 .........
. ..........
.

43

Chlorophyll and solanine contents of Kennebec potato tubers
subjected to chemical treatments
and exposed to 100 ft-c
of white fluorescent
light for a period of 5 days during
December,
1969 .......................
.

56

Chlorophyll and solanine contents of Russet Burbank
potato tubers treated with gamma radiation and CA and
then exposed to 100 ft-c light intensity for 5 days at
70°F in polyethylene bags ...................
.

60

Effect of storage at subatmospheric
pressure
treatments
on chlorophyll and solanine contents of Russet Burbank
potato tubers exposed to 210 ft-c light intensity for
15 days ...........................
.

66

Acetylcholinesterase
activity
intraperitoneal
administration

73

of rabbits following
of solanine
.....

6.

Influence

7.

Analysis of variance of chlorophyll extracted from tubers
of 11 cultivars exposed to white fluorescent
light at
100 ft-c for 5 days during March-April,
1970

8.

9.

of three

drugs on solanine

toxicity

in mice

77

Analysis of variance of solanine extracted from tubers
of 11 cultivars exposed to white fluorescent
light at
100 ft-c for 5 days during March-April,
1970 ............
Chlorophyll determination
of Kennebec potato tubers
classified on the basis of specific gravity and exposed
to 100 ft-c of white fluorescent light for a period of
5 days, April, 1970 .......................

91

.

.

92

93

vi
LIST OF TABLES (Continued)

Table
10.

11.

12.

13.

14.

15.

Page
Solanine determination
of Kennebec potato tubers classified
on the basis of specific gravity and exposed to 100 ft-c of
white fluorescent light for a period of 5 days, April, 1970

94

Analysis of variance of chlorophyll from potato tubers
classified on the basis of specific gravity and exposed to
white fluorescent light at 100 ft-c for 5 days . . . . . . . .

95

Analysis of variance of solanine from potato tubers classified
on the basis of specific gravity and exposed to white fluorescent light at 100 ft-c for 5 days . . . . . . . . . . . . . . . . . . . .

96

Chlorophyll determination
of Kennebec potato tubers exposed
to four light intensities of white fluorescent light for a period
of 5 days, April-May,
1970 . . . . . . . . . . . . . . . . . . . . . . .

97

Solanine determination
of Kennebec potato tubers exposed to
four light intensities of white fluorescent light for a period
of 5 days, April-May,
1970 . . ... . ...................

98

Analysis of variance of chlorophyll from potato tubers
exposed to four light intensities of white fluorescent
light
for a period of 5 days
. . . . . . . . . . . . . . . . . . . . . . . .

99

16.

Analysis of variance for solanine from potato tubers exposed
to four light intensities of white fluorescent light for a
period of 5 days . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

17.

Chlorophyll determination
of Kennebec potato tubers
subjected to chemical treatments
and exposed to 100 ft-c
of white fluorescent
light for a period of 5 days,
I>ecember, 1969 . . . . . . . . . . . . . . . . . . . . . . . . . . . .

18.

19.

. ..

101

Solanine determination
of Kennebec potato tubers subjected
to chemical treatments
and exposed to 100 ft-c of white
fluorescent
light for a period of 5 days, December,
1969 ....

. 102

Analysis of variance of chlorophyll extracted from potato
tuber peels subjected to chemical treatments
and exposed
to white fluorescent
light at 100 ft-c for 5 days ......
......

103

vii

LIST OF TABL E S (Continued)
Table
20.

21.

22.

23.

24.

Page
Analysis of variance of solanine from potato tubers subjected
to chemical treatments and exposed to white fluorescent
light at 100 ft-c for 5 days . . . . . . . . . . . . . . . . . . . . . . .

104

Determination
of chlorophyll of Russet Burbank potato tubers
treated with 10 krads dose of gamma radiation,
CA, and
gamma radiation + CA and then exposed to 100 ft-c light
intensity for 5 days at 70°F in polyethylene bags . . . . . .

105

Determination
of solanine of Russet Burbank potato tubers
treated with 10 krads dose of gamma radiation,
CA, and
gamma radiation + CA and then exposed to 100 ft-c light
intensity for 5 days at 70°F in polyethylene bags . . . . . . .

. ..

106

Analysis of variance of chlorophyll of Russet Burbank potato
tubers treated with 10 krads dose of gamma radiation,
CA,
and gamma radiation + CA and then exposed to 100 ft-c light
intensity for 5 days at 70°F in polyethylene bags . . . . . . .

107

Analysis of variance of sol a nine of Russet Burbank potato
tubers treated with 10 krads dose of gamma radiation,
CA,
and gamma radiation + CA and then exposed to 100 ft-c
light intensity for 5 days at 70°F in polyethylene bags

108

25.

Estimation

of LD

26.

Estimation

of Lc

50
50

in mice . . . . . . . . . . . . . . . .
in Trichoderma

bioassay

study

109
. . . . . . . . .

110

viii

LIST OF FIGURES

Figure

Page

.............

1.

Green potatoes

2.

Structures

3.

Structure

4.

A view of the experimental
arrangement
in a temperaturecontrolled room showing exposure of potato tubers to light

"on sale" in a supermarket

of chlorophyll
of solanine

3

. ................

"a 11 and "b"

. . . . . . . . . . .

.

. .............

. .................

.

.

5

7

21

5.

Solanine standard

6.

Measuring

7.

Adjustment

8.

137
Cs
irradiation
chamber, American Nuclear Corp.,
Oak Ridge, Tennessee
. . . . . . . . . . . . . . . . . . . . . .

33

Storage at subatmospheric
equipment
.................

35

9.

10.

11.

12.

13.

Storage
vertical

curve

the per cent

..

co 2 with

of 15 per cent

co 2 in

Fyrite

gas analyzer

sealed polyethylene

pressures:

25

Specially

28
bags

designed

.

at subatmospheric
pressures:
longitudinal
section of the barrel
................

30

and
.

37

Chlorophyll and solanine contents in relation to specific
gravity of Kennebec potato tubers exposed to 100 ft-c of
light . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

44

Chlorophyll and solanine contents
exposed to four light intensities

of Kennebec potato tubers
. . . . . . . . . . . . . . . . .

47

Effect of duration of exposure of 100 ft-c light intensity at
70°F and 90 per cent relative humidity on chlorophyll and
solanine contents of White Rose potato tubers (data
expressed on fresh weight basis) . . . . . . . . . . . . . . . . .

50

ix
LIST OF FIGURES (Continued)

Figure
14.

15.

16.

Page
Respiration
of White Rose potato tubers exposed to light and
kept in dark at 700F and 90 per cent relative humidity (data
expressed on dry weight basis) ...................
.

53

Chlorophyll and solanine contents of Kennebec potato tubers
subjected to chemical treatments
(a solution of 10, 000 ppm
of cycocel, ethrel, alar and maleic hydrazide by vacuum
infiltration
technique) and exposed to 100 ft-c white fluorescent light during December,
1969 .................
.

57

Chlorophyll and solanine contents of Russet
tubers treated with 10 krads dose of gamma
and gamma radiation + CA and then exposed
intensity for 5 days at 70°F in polyethylene
pressed on fresh weight basis) ...................

61

Burbank potato
radiation,
CA,
to 100 ft-c light
bags (data ex.

Effect of 15 per cent co 2 environment and 10 krads dose of
gamma radiation either alone or in combination on greening of Russet Burbank tubers in clear polyethylene bags
exposed to 100 ft-c light intensity at 70°F for 5 days ....

63

in mice with
Dose-per cent curve, illustrating
the LD
50
intraperitoneal
administration
of solanine
........
.

67

19.

Estimation

70

20.

Erythrocyte
and plasma cholinesterase
levels of a dog
following cumulative dose of intraperitoneal
administration of solanine .......................
.

74

Concentration-per
cent curve, illustrating
the LC
value
50
viride grown on solanine dissolvea
in Trichoderma
PDA ...................................
.

78

17.

18.

21.

of lethal dose in mice

........

.

x

ABSTRACT
Formation

and Control of Chlorophyll

and Solanine

in Tubers of Solanum tuberosum,
Evaluation

L. and

of Solanine Toxicity
by

Bhaskarrao

C. Patil

Utah State University,

1972

Major Professor:
Dr. D. K. Salunkhe
Department:
Nutrition and Food Sciences
Chlorophyll
gravities,

and solanine

light intensities,

potato (Solanum tuberosum,
polyethylene
pressure

packagaing

cholinesterase

of the central

L.) tubers.

gamma radiation,

Chemicals,

co 2 ,

and storage

patterns
nervous

in rabbits
system

solanine

and Red Lasoda were most sensitive

were minimum.

at subatmospheric

viride,

and

and a dog were evaluated.

stimulating

The

drugs was investigated

toxicity.
tubers

of Bounty,

to greening

The significant

Kennebec,

and solanine

and Platte tubers were least susceptible
contents

clear

of these two compounds.

the fungus Trichoderma

Of the 11 cul ti vars tested,

solanine

specific

to light were studied in

to mice,

inhibition

by cultivars,

and durat ion of exposure

in 15 per cent

to find if they counteracted

LaChipper

as influenced

were employed to control the formation

The toxicity of solanine

influence

syntheses

to greening
differences

Nor chip,

development.
and their
in chlorophyll

xi

and solanine
cultivar

formation

among cultivars

showed that greening

potential

is a

characteristic.
Chlorophyll

specific

gravity.

development

in tubers was inversely

Solanine synthesis
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INTRODUCTION

The problem
become more severe

of potato (Solanum tuberosum,
under present-day

L. ) tuber greening has

supermarket

conditions where tubers

are packaged in polyethylene

bags after washing and displayed under fluorescent

light in an attempt

shoppers.

associated

to attract

with bitterness
According

inspected

develop greening and is

and off-flavor.

to U.S. Standards

to be unfit for human consumption.
cated that severity

Such exposures

for grading,

green potatoes

are considered

Surveys conducted by many workers

of potato greening varied from 14 to 50 per cent.

50 samples

of potatoes

indi-

Motts (1937)

and found 14 per cent of the samples

from Idaho

contained green tubers and further

detected that frequency

of potato greening

was s e cond to mechanical

In a study of marketing

Oregon potatoes,

injury.

Deloach and Sitton (1941) examined potatoes

transported

in the State of Oregon and one area in California.
occurred

in 23 to 27 per cent of potatoes

22 per cent in the Portland

market,

20 per cent in the Eugene market.
shipped and stored also influences

They observed

sampled in California

markets

of the potatoes

market,

15 to

and about

The type of bag in which the tubers are
the incidence
in various

of greening.
localities

Gull and Isenberg
in the State of New

that the potatoes were exposed to artificial

350 foot candles light intensity
in all stores.

Light greening

19 per cent in the Salem market

(1958) conducted a survey of 85 stores
York.

into various

light up to

and the trouble of potato greening was observed

2

Idaho Russet,
that are displayed
in all stores
months.

Red Pontiac,

and White Rose are the common potatoes

in Logan markets.

The problem of greening was observed

and was more severe with White Rose tubers during summer

The green t.ubers are not marketable

reduced price

even though kept "on sale" for

(Fig. 1).

Investigations

of Larson

(1949) at Idaho Agricultural

Experimental

Station showed that the greening is due to the formation

of chlorophyll

According

is due to the presence

to Hilton (1951) the bitterness

of an alkaloid,

solanine

(Fig. 3).

and off-flavor

Although chlorophyll

the same region of the tuber and the same factors
of both the compounds,
independent

the processes

of each other (Conner,

1937).

Numerous

authentic

Thus the importance
considerations
at reducing

baking,

of the cardiovascular

of the problem

and death to man.
disturbances,

the light intensities,

measures

containing
General

nausea,

and respiratory

Investigations

reported

to control greening,

An understanding

of the metabolism

in the tuber is, however,

It is significant

are

systems.
in literature.

of potato greening is two-fold--economic

and food poisoning hazards.

solanine formation

and solanine biosynthesis

cases of solanine poisoning have been reported

the _toxicity of solanine.

cesses.

illness

of solanine poisoning are gastrointestinal

dilated pupils and depression

the syntheses

Ingestion of green potatoes

high amounts of solanine have caused severe
symptoms

and solanine develop in

often stimulate

of chlorophyll

(Fig. 2).

a necessity

so far aimed

and establishing
of chlorophyll

and

to control these pro-

to note that solanine is not destroyed

by cooking,

or frying and the only effective means to avoid the intake of this alkaloid

is to inhibit its synthesis

in the tubers.

The United States Department

of

3

Fig.

1.

Green potatoes

"on sale" in a supermarket.

5

Fig.

2.
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Fig. 3.

Structure

of solanine.
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Agriculture

and Canad ia n Department

drawn from commerce
a lkaloid content .

of Agriculture

the potato cultivar

in a joint action have with-

"Lenape" because

of its high glyco-

This r egulatory action has renew ed the interest

of potato tuber greening

(Zitnak,

in the problem

1970) and also the pharm a cological aspects

of

potato glycoalkaloids.
The present
chlorophyll
gravities

investigations

to study the formation

and solanine in the potato tubers as influenced by cultivars,
of the tubers and light intensiti e s.

syntheses

subatmospheric

solanine toxicity in mice,
inhibition patterns

controlled

atmosphere

either alone or in comb ination; and storage

pressures

. Experiments

find if they counteracted

and pargyline

solanine toxicity.

storage

were also conducted to evaluate

and a fungu s Trichoderma

atropine,

specific

of tubers at

viride and th e choninesterase

in mice and a dog . The central nervous system

amphetamine,

of

Attempts were made to control the

of these two compounds by chemicals,

and gamma radiation

drugs:

were undertaken

were administered

stimulating
in mice to

10

REVIEW OF LITERATURE

Hardenberg
the greening
distribution
of solanine

Factors

(1964) reviewed

problem.

Literature

the earlier

pertaining

to factors

of solanine in potato plant and tubers,
and pharmacological

affecting

aspects

affecting

chemistry

is summarized

differ markedly

to light.

Rough russeting

skin of some cultivars

analyzed

in others

mask the appearance

39 cultivars

greened

Katahdin.

most readily

although it greened

B-922-3,

the least.

Houghland,
and B-922-6)

pronounced

characteristic
Temperature.

chlorophyll

contents

variable

and the presence

(1960) observed

that

Red Pontiac,

and

of Katahdin were the highest
and seedlings
(B-3556-12,

little or no greening,
Thus the greening

tested
B-4523-8,

while it was

potential

is an

with the cultivar.

Yamaguchi,

temperature

accumulation

to Cherokee,

and Shark (1962) 4 seedlings
developed either

on

content within the range of 1. 8

Among the 5 cultivars

in Katahdin and Kennebec.

effect of storage

and biosynthesis

Wolf and Duggar (1946)

Gull and Isenberg

as compared

They noted that solanine

by Akeley,

greening,

in rate of greening

of greening.

and found their solanine

to 13 mg per 100 gm of a fresh tuber.
Kennebec

of

greening
Potato cultivars

of pigment

aspects

here.

Cultivar.
exposure

inherent

work on certain

Hugoos, and Howard (1960b) reported

and temperature

during light exposure

of White Rose potatoes.

the

on

The rate of greening

was

11

rapid at room temperature
decreased

as the temperatures

negligible
Tubers

(68-77°F)

at 41 °F.

stored

(68-77°F)

during light exposure

were lowered.

Storage temperatures

and the greening

The rate was very slow or

were,

however,

inversely

at 41 °F and then exposed to light at the room temperature

developed

chlorophyll

rapidly.

They further

noted that the recon-

ditioning of the tubers for two weeks in the dark at 68-86°F
resulted
results

in less greening.

before exposure

Buck and Akeley (1967) also reported

on the effect of storage

similar

temperature.

Humidity.

According

to Larson

the air surrounding

the tubers

did not affect the amount of greening.

Light intensity
1960), Liljemark

and quality.

the intensity
chlorophyll

(1949), variations

Larson

showed that greening
and quality of light.
and it increased

Hughes,

and solanine

is dependent
Light intensity

with increase

(1958) differed

of greening

from others

the blue end of the light spectrum

on the duration

In general,

the greening

lights than due to daylight,

Conner

These

of exposure

The light intensity

The results

(1937) reported

solanine

formation

for chlorophyll

of Gull and
in the amount
that light from
the most,

and does not increase

was more due to pink and blue fluorescent

gold or green.

and

as low as 5 ft-c produced

in light intensity.

encourages

while yellow and red light is most efficient
solanine.

and Howard (1960a)

in that they found no increase

above 50 ft-c light intensity.

(1958,

content of the tubers.

effect was studied over a range of 5 ft-c to 360 ft-c.
Isenberg

in the humidity in

(1949), Gull and Isenberg

and Widoff (1960), Yamaguchi,

studied the effect of light on greening
investigators

related.
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Distribution

of solanine

Solanine was first
from the berries

discovered

of black nightshade

Baup (1826) isolated

by Desfosses

(1820) in the juice expressed

(Solanum nigrum,

it from potatoes

L.).

(Solanum tuberosum,

Six years
L.).

Recently,

Gupta and Garg (1966) obtained the alkaloid from the defatted fruits
ferox,

an evergreen

of the Solanaceae,

the alkaloid
mentioned

is present

in Lycopersicon.

in most of the plant parts

Studies on solanine

This alkaloid

and Mattis
cent solanine

contents

other

In the potato plant,

(Lampitt et al.,

1943).

As

content is high in leaf buds

that solanine

of different

continuously

is formed in the parenchyma

and in areas

and Duggar,

At the present,

down to about the eighth node, beyond which there is a marked

Duggar (1946) revealed

the tubers

particularly

of Solanum

of Solanum and in certain

by Wolf and Duggar (1940), the solanine

and young leaves
decrease.

China, and Ceylon.

is known to occur in many species

the alkaloid
genera

shrub from India,

later

1940;

of high metabolic

Hilton,

accumulated

cells of the periderm
activity

normally

by Wolf and

in the tubers.
and cortex of

such as eye regions

1951; Reeve, Hautala,

(1924) stated that potatoes

potato cultivars

and Weaver,
contained

(Wolf

1969).

Bomer

0. 002 to 0. 0089 per

and that the tubers with more than 0. 02 per cent solanine were

beyond the upper safety limit for food purposes.
and concentration

of solanine

high glycoalkaloid

content by Zitnak (1961) revealed

tained solanidine
peels represented

and solanidine

Studies on the distribution

in peels and peeled potatoes

of

that potato peels con-

in amounts equal to those in the peeled tuber although the
only one-seventh

of the whole tuber weight.

The peeling

13
of the bitter
residual

potatoes

alkaloid

removes

about one-third

of the total glycoalkaloid

was still too high to render

bitter potatoes

palatable

but
or safe

for food consumption.

Chemistry

and biosynthesis

of solanine

Solanine is a glycoalkaloid
hydrogen
cent).

(8.48 per cent),

Molecular

nitrogen

H o N.
45 73 15

glucose,

(1942) determined

conducted

investigations

mercial

to determine

aglycon but variations

Zitnak

plant and resolved

of slender

who reported

of six alkaloids

the glycoalkaloids

them into two classes

viz. solanines

glycosidic

sugars.

The alkaloid

It is sparingly

Several

soluble

and

that a com-

having the same

in the potato plant
present

in the potato

and chaconines,

depending on the number
investigators

crystalizes
in water,

in

Paseshnichenko

and chaconine

forms

Prelog and

and a-chaconine

of the molecules.

of solanine

each of

Allen and Kuc (1968)

(1964) summarized

of solanine.

needles.

solanidine.

formula

and quantity of solanine

a-solanine

each of which could exist in three different
and kind of attached

The empirical
one molecule

the alkaloid

was a mixture

(1957) also showed the existence

the properties

liberates

the structure

in the sugar portion

of a trisaccharide

solanidine.

of solanidine.

They isolated

of solanine

(62. 6 per cent),

consists

to the work of Kuhn and colleagues

preparation

and tubers.

leaving

the structure

of potato peel.

referred

of its aglycon,

and rhamnose,

Szpilfogel

further

The alkaloid

The compound on hydrolysis

galactose,

the extracts

carbon

(1.61 per cent), and oxygen (27.65 per

weight is 868. 04.

moiety linked to one molecule
is C

containing

determined

with water in the form
readily

soluble

in hot

14
alcohol,

dilute acetic and sulfuric

chloroform.

The melting point of solanine

as reported

of solanine

Academy of Sciences,

solanine

were initiated

=

0. 997).

at the Institute

Studies on the

of Biochemistry,

USSR, Moscow, by Guseva and his colleagues

They demonstrated
and chaconine.

was metabolized

in ether or

is 285° C and the optical rotation

by Allen and Kuc (1968) is -60. 6° (C

biosynthesis

1961).

acid, but almost insoluble

the incorporation
According

of acetate

to Tschesche

(1960,

and mevalonate

in

and Hulpke (1967) cholesterol

to solanidine.

Control of greening
Several
the chemicals

methods for control of greening

attempted,

wax treatments

were found either

(1958) tested numerous
6 weeks prior

chelating

to vine kill.

Na 4, sequestrene
ing of the tubers
radiation

use of colored lights,

Five compounds

or impracticle.
as foliar

sprays

viz. chelate

upon subsequent

exposure

to fluorescent

and Weston (1958) reported

although decreased

of chlorophyll
chlorophyll

They tried chloroisopropylphenyl
2, 4-triazole

formation,
carbamate,

except aminotriazole

as tuber surface

were ineffective.

green-

Ionizing

of greening.
of 10 krad

doses up to 250 krads,

did not completely
0-methyl

sequestrene

in reducing

that gamma ray dosages

and that increasing

(aminotriazole)

applied 10 days to

lights.

in reduction

and

Gull and Isenberg

600 NaFe,

Na Cu, and chelate 300 Fe were effective
2

inhibit the formation

chemicals

compounds

Most of

or colored film filters

of the tubers at 10 to 40 krads resulted

Schwimmer

amino-1,

ineffective

have been studied.

suppress

threonine,
applicant.

Howard,

it.

and 3These

Yamaguchi,

and
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Tim (1957) observed

that the tubers

exposed to full light.

Those under 10 oz. burlap showed less greening than

those under 7 1/2 oz. burlap.
formation.

under burlap were less green than those

Yamaguchi,

Waxing of the tubers had no effect on chlorophy ll

Hughes, and Howard (1960) conducted experiments

study the effects of colored fluorescent
colored cellophane
and EDTA.
Liljemark

light filters,

Forsyth
atmosphere

for potatoes.

trans-cinnamic

in reducing

Ziegler,

to control chlorophyll

acid,

greening.

the use of polyof use

that the exposure

of

15 per cent carbon dioxide or more
Schanderl,

the combined use of gamma irradiation

dioxide atmosphere
experiments

They reported

containing

in very little or no greening.

(1968) reported

development

and Markakis

and enriched

carbon

in potatoes.

These

to control greening were concluded on the basis of chlorophyll

formation

and no analysis

Outbreaks

of solanine poisoning

for solanine was made.

Ingestion of potatoes

feature

as ineffective

bags,

and Eaves (1968) brought forth a new approach

potato to light in an atmosphere

narrated

of waxes,

and Widoff (1960) and Newman (1966) recommended

of controlled

severe

colored polyethylene

and application

They found these treatments

ethylene bags.

resulted

lights,

to

illness

containing high amounts of solanine has caused

and on rare occasions

death to man.

the cases of potato poisoning reported
of these epidemics

in the European

by several

is the fact that the largest

continent and mostly among soldiers.

of these outbreaks

were attributed

Damon (1928) briefly
investigators.

A

number of cases occurred
Although the occurrence

to the eating of potatoes,

no analysis

was

16
made to determine

the solanine

gated an epidemic
They examined

among the civilian population

The analysis

of solanine

ing 41 persons

of potatoes

per kg of potatoes.

and Cockburn
of Glasgow,

(1918) investi-

Scotland,

solanine

contents

potatoes

usually

The circumstances

examination

of potatoes

that caused poisoning

Rothe (1919) reported

in Lip zig in Germany.

the potato and the chemical

England.

poisoning

by Bomer and Mattis

as high as 430 mg per kg.

and many others.

(1923),

In the United States,

and Hansen (1925) reported

an outbreak
clearly

410

affect-

implicated
the

unsprouted
Several

were described,

Willimott

Roberts

The normal

since then,

(1933), Wilson (1959),

(1917) (cited by Daman,

the cases that happened in Missouri

The case reported

revealed

per kg of potatoes.

from eating of potatoes

(1923), Griebel

of age

made in this case also discovered

contain 40 to 80 mg of solanine

cases of solanine

respectively.

Harris

61 cases of which one was that of a boy of five years

which was fatal.
mg

contents.

by Hansen is reproduced

1928),

and Illinois,

here.

About October 15, 1924, James B. Matheney, of Vandalia,
Illinois, gathered about one and one-half bushels of tubers from the
patch of strawed potatoes.
The tubers were distinctly green.
On October 18, the family started to use the greened potatoes and
two days later began to show symptoms of poisoning.
All the members of the family, consisting of father, mother, two daughters, and
five sons were ill with the exception of the father, who did not partake of the tubers, and a child of 18 months, who lived on milk
almost exclusively.
The mother, age 45, died on October 25, while
a daughter, Cynthia, age 16, died two days later.
The other five
members of the family recovered.
(Hansen, 1925, p. 341)
In Alberta,

Canada,

were reported
tent.

Losses

several

(Zitnak,

isolated

and lethal cases

of solanine

1970) and traced back to potatoes

of livestock

and poultry

caused by ingestion

poisoning

of high solanine
of potato vines,

con-

17
sprouted

potatoes,

been reported

cull potatoes,

(Hansen,

and potato peels containing

1925, Willimott,

exposed to light when discarded

1933).

solanine

These products

by the processing

have

had been

plants or left in the field

by farmers.

Pharmacology

of solanine

The first attempt
mental animals
solanine

adult rats with potato plants.

experiments

a toxic dose of solanine

Research

results

effects

of this alkaloid were not attributed
(1966) examined

these patients

Satoh (1967) observed

blockers

or reserpine
and Chatterjee

induced by pentobarbital.

property

35 patients

effects.

Maiti,

Wilson (1959) stated that

and Whittaker

the anti cholinesterase

He treated

and Bryan (1970)

for humans is about 20-25 mg.

strated

prevented

of solanine.

with food allergy
with solanine

Recent investigations

and

the toxic

of cholinesterase.

mainly referring

and observed

to

curative

of rats with adrenergic

effects

that solanine

Vaidya,

(1959, 1962) demonHowever,

that the pretreatment

(1966) reported

Orgell,

to the inhibition

the glycemic

of feeding

of Konig (1953), Kline,

the toxicity of solanine.

Dahm (1958), Orgell (1963), and Harris

nightshade.

either

to study the effects

and Kupchan (1961), GuiU, Isenberg,

were aimed at establishing

Golubeva

He could not isolate

from the urine of a dog that had been fed solanine.

(1933) made unsuccessful

Von Elbe, Dahle,

the toxicity of solanine by using experi-

was made by Meyer in 1895.

or solanidine

Willimott

to establish

of solanine.

prolonged

of Nishie,

Lahiri,

sleeping

Gumbmann,

times
and Keyl

18
(1971) dealt with certain

pharmacological

aspects

the toxicity of solanine to the chick embryo,
resulting

from solanine intoxication

by the central

nervous

system

appeared,

depression.

mice,

of solanine.
rats,

according

They showed

and rabbits.

Deaths

to them, to be caused
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EXPERIMENTAL

Plant material
Eleven potato cultivars

were planted in sandy loam soil on May 7,

1969, at the Utah State University

Farm,

of nitrogen

per acre were applied and the crop was

irrigated

and 147 lb of phosphate
when needed.

and transported
selected

gravity according
man,

The tubers were harvested

to the laboratories

for uniformity

to the brine floatation
Wittwer,

For other series

and unexposed

Wheeler,

A total of 177 lb

on September

30, 1969,

These were then cleaned,
on the basis of specific

method (Clark,

of experiments,

It was ascertained

local markets.

at Logan.

Utah.

of size (U.S. No. 1), classified

1940; and Salunkhe,

at 40°F.

Farmington,

Lombard,

and Dexter,
potatoes

that the potatoes

and White-

1953), and stored

were procured

from

were from the same source

to light.

Chemicals
Chemicals

were obtained as follows:

2, 2-dimethylhydrazide)
Bethany,

Conn.;

Indianapolis,
Kansas,

City,

from American
Ethrel

from uniRoyal Chemical,

Amphetamine

Ind.;
Mo.;

Alar (succinamic

Atropine

Division of uniRoyal, Inc.,

sulfate from Allied Laboratories,
sulfate from Haver-Lockhart

(2-chloroethylphosphonic

Agricultural

Division,

acid) from Amchem

Inc.,

Laboratories,

Cycocel (2-chlorethyltrimethylammonium

Cyanamid Co.,

acid,

Princeton,
Products,

chloride)
N. J.;
Inc.,

20
Agricultural

Chemical

2-dihydropyridazine-3,

Division,

Ambler,

Pa.;

maleic hydrazide

(1,

6-dione) MH-30 from United States Rubber,

Naugatuck

I
(

,.

Chemical

Division,

Laboratories,
Plainview,

Naugatuck,

Chicago,

Conn.;

Pargyline

hydrochloride

from Abbott

Ill.; and Solanine from K & K Laboratories,

N. Y., and Sigma Chemical

Co., St. Louis,

Inc.,

Mo.

Animals
Swiss-Webster

adult male mice were purchased

from the Redwood

Game Farm, - Salt Lake City, Utah, put into cages on arrival,
for 2-3 days to re-establish

themselves

before treatments

mice weighed 28-36 gm and were maintained
white rabbits

were made.

on mice-chow.

and a dog were obtained from the Veterinary

and then held
These

New Zealand
Science Department

of the University.

Light and experimental

arrangement

Light was obtained from two banks of fluorescent
(ITT F96T 12/CW cool white ).
with a Weston illumination

The light intensity

meter,

trolled room.
foot-candle

Except otherwise

light intensity

was measured

Model 603, No. 610.

set-up of exposing the tubers on a specially
mentioned,

prepared

gravity,

and respiration;
atmospheric

Fig. 4 shows the general

table in a temperature

for 5 days at 70°F and 80-90 per cent relative

light intensities;

California

con-

humidity.

of chemical application s,

White Rose in duration of exposure

and Russet Burbank in irradiation,

pressures.

in foot-candles

the tubers were exposed to 100-

Tubers of Kennebec cultivar were used in experiments
specific

tubes 8 ft long

CA, and storage

at sub-
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Analytical

methods
Chlorophyll

analysis.

2. 0 mm were uniformly
small pieces,

removed by a hand peeler.

thoroughly

mixed,

20 gm each were weighed,

The peels were cut into

and a sample of 50 gm and another

respectively,

for chlorophyll

The AOAC (1965) method for the spectrophotometric
was followed with suitable

from 1. 5-

Potato peels ranging in thickness

modifications

and solanine analysis.

determination

for potato tubers.

placed in a Waring blendor and 15 mg of magnesium

two of

of chlorophyll

The peels were

carbonate

and 150 ml of

85 per cent cold acetone were added and kept at 40°F for 25-30 minutes.

Peel-

ings were then macerated

by blending at high speed for 4 minutes after which

the contents were filtered

under suction.

of cold acetone,
filtrate

filtered

under suction,

The pulp was reblended

and finally washed with 100 ml.

was held at 40°F for 20-30 minutes and transferred

separatory

funnel.

120 ml of cold anhydrous

extract

and allowed to separate

water.

The chlorophyll-ether

to remove the remaining
anhydrous

sodium sulfate,

optical density readings

according

(1960).

to a 1000 ml

ether was mixed with the acetone
by addition of cold distilled

layer was washed with distilled
The ether extract

made to 100 ml volume,

The total chlorophyll,
to the formula

Solanine analysis.
and Isenberg

The

water four times

was separated,
and subsequently

dried over
used for

at 660 and 642. 5 mµ with Bausch and Lomb "spectronic

20" spectrophotometer.
calculated

into two layers

acetone.

with 100 ml

chlorophyll

"a" and "b" were

given in AOAC.

The method for solanine extraction

was that of Gull

Twenty gm sample of potato peel and 120 ml of 95 per cent

ethyl alcohol were macerated

in a Waring blendor.

The extract

was emptied into

24
a beaker,

rinsed with 20 ml alcohol,

bacterial

action.

The extract

with 10 ml alcohol,
extraction
in porcelain

was then filtered

and the residue

was carried

rinsed

was placed in the Soxhlet thimble.

The

The alcohol extract was evaporated

The dried material

5 ml of sulfuric

tube was held in an ice-water

by the drop by drop addition of ammonium

at 176°F to flocculate

The suspension
solution,

was centrifuged,

and then dissolved

in a 100 ml volumetric

(1937).

acid and filtered.

residue

hydroxide.

An excess

of alkali was

The solution was heated in a

washed with 1 per cent ammonia

in 1 per cent sulfuric

acid and made to volume

of solanine was based on colorimetric

An aliquot of 2. 5 ml of the standardized

5 ml of concentrated

from a burette

over a period of 3 minutes

sulfuric

over a period of 2 minutes.

with vigorous

solution in the same

The tubes were kept at room temper-

on a "spectronic

sion curve (Fig. 5) was constructed

solution was cooled

shaking and then

ature for a period of 90 minutes to allow the development
of color was measured

method of

acid was added drop by drop

followed by 2. 5 ml addition of 1 per cent formaldehyde

intensity

The

the solanine and stored overnight at 40°F.

in an ice-bath,

manner

tube.

flask.

The determination
Piankuch

in 5 ml

bath and the fil.trate was neutralized

added to adjust the pH of the solution to 9. 5.
water-bath

was dissolved

into a 50 ml pyrex centrifuge

acid and filtered

The dish was rinsed with another
centrifuge

into the Soxhlet flask,

on for 16 hours.

dish to near dryness.

of 5 per cent sulfuric

and 2- 3 ml ace tic acid was added to stop

of color.

20" at 565 mµ.

with known concentrations

The
A regres-

of pure
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solanine

in 1 per cent sulfuric

above.

A regression

the determinations

equation

a cid and deve loping the color as outlined
calculated

of solanine.

of both chlorophyll

of 20 gm

For each treatm ent , two samples

each were taken and two determinations
results

from the data obtained was used in

of each sample were made.

and solanine were expressed

The

as milligrams

per

100 gm of fresh peels.

Chemical

application

to potato tubers

The solutions
maleic

hydrazide

10, 000 ppm.
solutions

of four chemicals

were prepared

in distilled

The tubers were treated

were placed in desiccators

dipped in the solutions.

viz. Alar,

Cycocel,

wa ter at concentrations

by vacuum injection
and the tubers

of atmosphere

cultivar

for 30 minutes.

co 2

(CA)
and

Twelve tubers were placed and sealed

in a

gas analyzer

into a balloon

The concentrations

of

irradiation,

A 20 per cent

to the

co 2 level,

(Fig. 6) was established

(Fig. 7) and subsequently

co 2 were

Con-

water.

bag (0. 0038 cm thick and 61 x 25 cm size) according

by a Fyrite

The

co 2 enrichment

of Salunkhe and Dhaliwal (1963).

determined
air and

by using distilled

including control,

+ CA were arranged.

polytethylene
technique

treated

co 2 enrichment

Four treatments
irradiation

of

Air was drawn off by a suction pump for 4 minutes.

trol tubers were similarly

and

and

technique.

of Kennebec

The tubers were then allowed to soak in the solutions

Irradiation

Ethrel,

introduced

checked during the exposure

as

first by passing
it into the ba gs .

period at an

28

Fig. 6.

Measuring

the per cent

co 2 with

Fyrite

gas analyzer.

:30

Fig.

7.

Adjustment

of 15 per cent

co 2

in sealed

polyethylene

bags.

32
interval

of 12 hours and maintained

at 15 per cent thn)Ughout U1e e:-..-posure

period.
A dose of 10 krads1 of gamma radiation
the chamber
Tennessee,

of a
Fig.

c/ 37 irradiator

(American

8) .

of 10 tubers

Five batches

irradiation

chamber

per hour.

The radiation

was applied

Nuclear

to the tubers

Corp.,

in

Oak Ridge,

each were treated

i.p. the

(30 x 29 x 10 cm) for 32 minutes at the rate of 18. 9 krads
dose was based on the work of Madsen,

Salunkhe,

and Simon (1959), and Salunkhe (1961).

Storage

at subatmospheric
The effects

specially

designed

of storage

green tomatoes.

storage

to retard

The apparatus

levels.

essentially

valves

The tubers

at the surface
were exposed

The experiment
1

(Figs.

consisted

9 and 10).

the prin-

mounted

vacuum inside the barrels
plank.

daylight tube (F 15 T/D).

of the tuber was 210 ft-c.

Tubers

The

in mature-

of iron barrels

were placed on a wire-netting

intensity

l evels.

were studied in a

and color development

to control

from a 1 1/2 foot Westinghouse

pressure

in our laboratory

ripening

obtained

cultivar

pressures

was based on ideas of Tolle (1969) who employed

on a stand and with mercury
the desired

at subatmospheric

and built equipment

design of equipment
ciple of hypobaric

pressures

at

Light was

Light

of Russet

Burbank

to light for 15 days at 126, 253, 380 , 507, and 633 mm-Hg

A control
was repeated

Krad = 1000 rad.
100 ergs per gram.

at normal

atmospheric

pressure

only at 126 mm-Hg pressure

was maintained.
level.

Rad is equal to the unit of absorbed

dose and is

33

.
8.
F'1g.

137

·
d"1at·ion c h am b er, A men . can Nuc l.ear C orp. ,
irra
Oak Ridge, Tennessee.
(', s
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Fig.

9.

Storage at subatmospheric

pressures:

Specially

designed

A.

Suction pump

B.

Temperature

C.

Iron stand on which equipment

is mounted

D.

Barrels

are exposed to light

E.

Glass window for observations

F.

Cork-closed

G.

Pressure-gauge

H.

Wooden plank for supp ort

I.

controlled

chamber

in which potato tubers

opening for fixing thermocouple
meter

Valves for controlling

vacuum in the barrel

equipment.
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Fig.

10.

Storage at subatmospheric
section of the barrel.
A.

Water tank to maintain

B.

Wire-netting

C.

Potato tubers

D.

Relative

E.

Light tube

pressures

relative

plank support

humidity

: longitudinal

humidity

for potatoes

and temperature

meter

and vertical
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Re spiration
Two mm-thick
a microtome

from the repres entative

anoth e r adjacent
solanine

discs of 5 mm diameter
tubers.

to it were used because

in that regi on.

Sixteen discs

a Warburg-type
10 minutes

concentration

and
of

Water was included in the side

The oxygen uptake was measured

e r at 68°F.

and the respira to ry rates

on a dry-weight

of the maximum

flask.

of the discs.

(Gilson) respiromet

One disc with a periderm

and

(eight each from the basal and apical

ends) were placed in each manometric
wells to avoid desiccation

were cut with a cork borer

with

Read ings were taken every

were exp ressed

as µl per hour per gram

basis.

Tox icology
Estimation

of lethal dose in mice.

weighing 28-36 gm were categorized
Sol anine was dissolved
intraperitoneally

in distilled

into 9 gro ups of 10 aminals

given 20 or 30 mg/K g solanine

or direc tly from the heart.

to 5. 8.

New Zealand white rabbits

Control blood samples
ip.

once

Control mice

wat er with its pH adjusted

ase ac ti vity.

sex that weighed 3-4 Kg we re used.

an d blood samples

each.

water at pH 5. 8 and administered

of distilled

Acetylcholinester

closely,

adult male mice

(ip) at 8 dose level s, one dose to 10 mice.

were given ip injections

and the animals

Swiss-Webster

of either

were coll ected

The animals

were observed

were obtained at differen t times from the ear vein
The oxalated

samples

were ce ntrifuged

the pla sma and red blood ce lls.

After drawing off the plasma,

were hernolyze d by re suspending

them in a given amo unt of water.

to separate

the erythrocytes

40
The acetylcholinesterase
was determined
The incubation
erythrocyte
buffer

according
system

solution,

activity

of the plasma

to the method of Fleisher,

consisted

Pope,

of 0. 4 ml of suitable

O. 005 M acetylcholine

bromide

0

The remaining

acetylcholine

The effect of cumulative
activity

were determined

given pentobarbital
in increments
collected

by using an anesthetized

sodium and solanine

of 6 mg/Kg at intervals

before each subsequent

cyte cholinesterase

activity

injected

intraperitoneally

atropine

at 2 mg/Kg.

40 mg / Kg.

colorimetrically.

on acetylcholinesterase
dog.

of 10 minutes.

as described

Influence of three drugs.

for 15 minutes

A male dog, 15 Kg, was

(30 mg / Kg) was injected

injection

or

in 0. 01 M phosphate

was analyzed

doses of solanine

and Spear (1955).

diluted plasma

(pH 7. 5) in a final volume of 2 ml and was incubated

at 100 F.

intravenously

Blood specimens

and analyzed

for plasma

were

and erythro-

heretofore.

Three groups of 10 mice each were pre-

with amphetamine
Thirty minutes

later,

and pargyline
solanine

at 5 mg/Kg and with

was administered

ip at

Three groups of 5 mice each injected with three drugs and 10 mice

with solanine

alone were maintained

Bioassay.

as controls.

Solanine was dissolved

then the potato-dextrose-agar

(PDA) extract

4 days on a basal medium in petri-plate

in distilled

solani ne at five concentrations
.

were mcubated

water at pH 5. 8 and

was added.

The fungus growth of

was used for inoculations

of circu lar discs of the same size. · The inoculations

plates

and red blood cells

were made in duplicate

at room temperature

0

in the form

on the media containing
sets at two times.

72-86 F for 5 days, the colony

The

41
diameter

was measured

daily, and the ave rage da ily growth was calcu-

lated.

Statistical

analysis
All the experiments

design.
intensities

The experiments
were arranged

Each treatment

were arranged

with chemical applications,
in three replicates

was randomized

(LSD) procedure

according

to Finney (1964).

gravity,

block
light

and the rest in two replicates.

according

(Steel and Torrie,

in mice and lethal concentration

randomized

specific

within a replication.

was made and the means were compared
difference

in a completely

in Trichoderma

Analysis

of variance

to the least significant

1960).

Estimation

bioassay

of LD

50

studies were made

-l2

RESULTS AND DISCUSSION

Cultivars
Eleven cultivars
greening.

were screened

Data obtained are presented
Cultivars

(see Tables

were highly susceptible

in chlorophyll

Tubers

to greening,

and solanine

of Bounty and Kennebec

while tubers

of Kennebec,

Bounty, and Red Lasoda were found to contain higher amounts
LaChipper
contents

and Platte were least susceptible
were also minimum.

ing, while its solanine
substantial

sprouting

removed

Gull and Isenberg
potential

Specific

is a cultivar

Shurchip

content was the least.
during the period

Norchip,
of solanine.

and their solanine

showed considerable

Tubers

of this cultivar

of light exposure.

The results

cultivars

greendeveloped

These sprouts

are in conformity

were

with those of

characteristic.

gravities

gravity

on specific
Tables

to greening

formation

(1960) and Akeley et al. (1962) which showed that greening

Chlorophyll
specific

Cultivar

at the time of analysis.

to

in Table 1.

differ significantly

7 and 8, Appendix).

for tes ting their susceptibility

development

(Fig. 11).

was inversely

Solanine synthesis

gravit y of tubers.

The analysis

11 and 12 (see Appendix).

content of tubers

in tubers

with specific

Analysis

gravities

related

was, however,

of variance

to their

not dependent

is presented

in

of data showed that the chlorophyll

of 1. 1 and above was significantly

-l3
Table

1.

Chlorophyll and solaninc contents of 11 cultivars e.:-,.-posedto \\'hitc
fluorescent
light at 100 ft-c for a period of 5 days during l\larchApril, 1970
Chlorophyll
(rng/ 100 g of fresh

Cul ti var

Solanine
peel)

Bounty

2.431

70.30

Cascade

0.966

65.69

Kennebec

2.22 8

96.40

La Chipper

0.691

44.81

LaRouge

1. 175

73.06

Nor chip

1. 395

79.20

Platte

0.720

55.86

Red Lasoda

1.566

69.99

Russet

2.083

69.07

Shur chip

1. 808

44.50

Sioux

1. 247

58.93

o. 436

18.04

LSD

Burbank

0. 01
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less compared
gravities.

of lower (1. 06 - 1. 08 and 1. 08 - 1. 10) specific

to tubers

Howard et al.

appeared

greener

specific

gravity

potato tubers

(1957) observed

than the stem end.
compared

The apical end of the tuber had a lower

to the stem end (Thiessen,

are often subject

that the maturity

that the apical end of potato tubers

to greening

of potato tubers

(Salunkhe et al. 1954; Talburt

1947).

(Hardenburg,

had a good relation

and Smith,

The immature

1964), and it is known

to specific

gravity

1959).

Light intensities
The effects

of four light intensities

tion of potato tubers
illustrated

in Fig.

that were stored
12.

on chlorophyll

for nearly

Maximum greening

and solanine

6 months after harvest

was observed

at 100 ft-c.

chlorophyll

developed at 100 and 150 ft-c than at 50 and 200 ft-c.

of variance

is given in Table 15 (see Appendix).

differences

between

with increased
150 ft-c,
intense

100 and 150 ft-c.

light intensity

and sharply

declined

light may have degraded
Gull and Isenberg

at 200 ft-c.

(1960) subjected

at 50 ft-c than at 25 ft-c,

declined up to

above 50 ft-c.

Cherokee,

They reported

as the intensity

and Katahdin
that more

but found no increase

Yamaguchi

in the amount

et al. (1960a) tested

from 10 - 135 ft-c on White Rose potatoes
of chlorophyll

increased

the higher and more

Kennebec,

occurred

quantities

contents

the chlorophyll.

greening

intensities

chlorophyll

Possibly,

to 25, 50, 75, and 100 ft-c for 5 days.

at intensities

More

The analysis

slowly and steadily

potatoes

of greening

is

There were no significant

Generally,

up to 100 ft-c,

forma-

was increased.

light

and found increasing
The efficiency

of

47

Fig.

12.

Chlorophyll and solanine contents
exposed to four light intensities.
weight basis.)

of Kennebec potato tubers
(Data expressed on fresh

48
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in causing greening

was lower at higher light intensities,

to the lower rate of protochlorophyll
the chlorophyll
of increasing

already

present.

light intensities

They observed
and further

the increase

intensities

solanine

experiments,
experiment
conclusion

no sprout

lower temperatures

to rise in proportion

content after exposure

solanine

contents

to

to the four light

synthesis

and increased

Similar

The results

In our

obtained in this

reporte d warrant

in the potato tubers

stored

during the storage

period.

gradually

at

observat ions

and Widoff (1960).

with those already

occurred

stored

This initial rise in solanine

and sprout growth.

growth was observe d.

Gull and

in potato tubers

were made by Liljemark

which were in conformity
that solanine

in light intensity

(Fig. 12 an d Table 16 in Appendix).

to bud activity

contents

from 15 - 360 ft-c.

content with increase

for a period of about 5 months.

content was attributed

effect from

values in lux.

(1960) also found higher

on higher

development

content appeared

in the solanine

were not significant

lower temperatures

the

at

of exposure
Fig.

linearly

in chlorophyll

or to a light filtering

and Widoff (1960) studied the effect

on chlorophyll

of light intensity

The difference

Duration

Liljemark

noted that the chlorophyll

the logarithm

Isenberg

synthesis

which was attributed

13 indicates

with the duration

and tenth day, respectively.

that the solanine
of exposure

and chlorophyll

of the tubers

day.

increased

to 100 ft-c up to the sixth

There was no difference

phyll at the end of the tenth and fifteenth

contents

in the amount of chloro-

Solanine contents

consta nt from the sixth to the tenth day cUld then slightly

declined

were rather
at the end of

50

Fig.

13.

Effect of duration of exposure of 100 ft-c light intensity at 70°F
and 90 per cent relative humidity on chlorophyll and solanine
contents of White Rose potato tubers (data expressed on fresh
weight basis).

52
the fifteenth
in solanine

day.

The length of exposure

formation

as reported

in the literature

When the tubers of White Rose cultivar
43°F,

Larson

a marked

96 hours of exposure

to white fluorescent

in our experiments
slower increase
Yamaguchi
greening

up to 5 days.

variations.
at

Gull and Isenberg

of the compounds

light at 75 ft-c and 70°F.

declined at the end of 6 days.

and chlorophyll

and increase

showed considerable

decline in the rate of formation

were considerably

tion of solanine

to cause greening

were exposed to 9 ft-c light intensity

(1949) found no visible greening

(1960) observed

contents

required

after

The solanine

The continued forma-

for the extended period beyond 4 days observed

may be a cultivar
in the chlorophyll

characteristic.

There was a comparatively

content during the first day of exposure.

et al. (1960a) also observed

a lag period of 12 to 24 hours before

was visible in the tubers of White Rose cultivar.

Respiration
It is apparent

during the first

from Fig. 14 that the rate of respiration

2 days, declined

fourth day, and then returned

slightly on the third day and sharply

to normal.

The respiration

exposed to light and those in the dark were nearly
stored

at 40 0 F for 20 days.

substrate

utilization

chondrial

activity.

respiration
Isenberg
tubers

of accumulated

of potato tubers
(1960) suggested

and the synthesis

observations

The initial increase

Appleman

was increased

sugars

patterns

These tubers were

in respiration

might be due to

and temperature

dependent

similar

stored at low (36. 5°F) temperature.

of chlorophyll

that the solanine

between the respiration
and solanine.

accumulated

of the tubers

the same.

and Smith (1936) reported

a correlation

on the

mito-

results

for

Gull and
of the potato

This was based on the

in the region of high metabolic

53

Fig.

14.

Respiration
of White Rose potato tubers
in dark at 700F and 90 per cent relative
on dry weight basis) .

exposed to light and kept
humidity (data expressed

54
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activity.

The present

ration decreased
stable,

investigation

and solanine

sixth day, respectively.
to have an apparent

Thus,

20 (Appendix).

15.

to solanine

treatments

The analysis

synthesis.

chlorophyll

development

treatment.

There were,

and chlorophyll

are summarized

of variance

effective

Ethrel was most effective

and the least solanine
however,

Maleic hydrazide

no significant

Schwimmer

of chlorophyll

greening.

and solanine

synthesis

greened potatoes

contain more solanine

Sachs (1969) revealed

Upper,

that Alar depressed

the

between these
to be ineffective
treated

with

and control.

hydrazide

to be ineffec-

to Conner (1937), the proGull and Isenberg

They noted, however,

than ungreened.

and mevalonate

Studies of Dennis,

maleic

chloro-

after the Alar

The tubers

are independent.

the findings of Conner (1937).

of acetate

.

According

(1960) confirmed

showed the utilization

in controlling

to other treatments

and Weston (1958) reported

postharvest

in inhibiting

and Cycocel were observed

as compared

greener

in Tables 19 and

differences

Cycocel appeared

in potato sprouts.

formation.

was produced

and solanine formations

cesses

did not seem

in Table 2 and

is tabulated

to control both chlorophyll

tive in controlling

up to the tenth day and

of potato tubers

Ethrel and Alar were significantly

phyll and solanine

two treatments.

increased

remained

to potato tubers

The effect of chemical
in Fig.

contents

although the rate of respi-

and subsequently

the respiration

relationship

application

presented

that,

on the fourth day of exposure

the chlorophyll

Chemical

indicated

that

Guseva et al. (1960)

for the biosynthesis

of solanine

and West (1965) and Ryugo and

the incorporation

of mevalonic

acid
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into isoprenoids.
conversion

Perhaps

of mevalonic

Alar inhibits

acid into isoprenoid

Alar are plant growth regulating
ripening
Patil,

of tomatoes,

are 4229 mg/Kg for Ethrel
weight for Alar (Zukel,

Gamma radiation

Table 3 and Fig. 16.

on effects

were nonsignificant.

The acute oral LD

to hasten

Anderson
50

and

and

values in rats

1969) and 8400 mg/Kg of body
are however

of gamma radiation
of variance

contents

tubers,

not available

is tabulated

of treated

tubers

while the differences

80 per cent and 33 per cent chlorophyll
for 5 days at 70°F.

chlorophyll

formed in the tubers
in combination

Schwimmer

and CA are presented

Gamma radiati on and polyethylene

when stored

treated

less

content

packaging

co

with

2

respectively,
differences

in the

gamma radiation

alone

with CA (Fig. 17).

and Weston (1958) and Gull and Isenberg
reduced

the illuminated

potato tubers.

that increasing

doses up to 250 krads further

the chlorophyll

in Tables 23 and 24

in the solanine

synthesis,

with 10 krads

in

were significantly

There were no significant

that 10 krads of gamma rays slightly

suppress,

has a potential

(Salunkhe,

These chemicals

The analysis

The chlorophyll

and the radiation

Ethrel

use.

than those of the control

inhibited

by inhibiting

and CA

The results

(Appendix).

1971).

(Amchem bulletin,

1972).

as yet for commercial

Ethrel

and other fruits

and Lusk,

of solanine

moiety of solanine.

chemicals.

bananas,

1971; Anderson

the synthesis

In addition,

formation.

the formation

Schwimmer
decreased,

Gull and Isenberg

(1958) reported
of chlorophyll

in

and Weston (1958) stated
but did not completely
observed

that 40 krads

63

Fig.

17.

Effect of 15 per cent co environment and 10 krads dose of gamma
2
radiation either alone or in combination on greening of Russet
Burbank tubers in clear polyethylene bags exposed to 100 ft-c light
intensity at 70°F for 5 days.
1.

Control

2.

15 per cent

3.

Irradiation

4.

Irradiation

co 2
+ 15 per cent

co 2
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kept in an atmosphere
resulted

containing

15 per cent or higher

in very little or no greening.

visual observations

concentration

Their conclusions

of

co 2

were based on the

of the mar ket grade conducted by an agricultural

inspec-

tor.

Storage at subatmospheric

pressures

Data given in Table 4 showed that chlorophyll
stored at 126 mm-Hg was completely
633 mm..:Hg pressure
formation.

treatments

inhibited,

subjected

to storage

pressure

subjected

to 126 mm-Hg pressure,

in controlling

in the solanine

treatments

became

shriveled.

This might be due to the loss of moisture

as a result

of continuous

is a recent

approach

vacuum.

to increase

Burg a nd Burg (1966) increased
by ventilating

attempt

the storage
the storage

tomatoes.

storage

to retard

The present

to study its applicability

The tubers

dry and slightly
and air from the tubers

of subatmospheric
life of horticultural

life of bananas

them with air at less than atmospheric

(1969) employed hypobaric
in mature-green

Application

ripening

experiment

chlorophyll

levels of the tubers

and the control.

however,

in the tuber

while 253, 380 , 507, and

were ineffective

There were no differences

synthesis

pressure
produce.

and other fruits

pressures.

Tolle

and color development
was an exploratory

to potatoes.

Toxicology
Estimation
administration

of lethal dose in mice.

of solanine

Data presented

in Fig.

18 show that

at over 50 mg/Kg body weight of experimental

mice was

66

Table 4.

Treatment
pressure
(mm-Hg)

Effect of storage at subatmospheric
pressure
treatments
on
chlorophyll and solanine contents of Russet Burbank potato
tubers exposed to 210 ft-c light intensity for 15 days
Chlorophy 11
(mg/100 g of fresh

Solanine
peel)

Control

9.43

46.34

633

7.52

42.66

507

10. 89

40.82

380

9.79

51. 87

253

9.83

35.82

126

0.26

52.94

67

Fig.

18.

Dose-per
peritoneal

cent curve,

illustrating

administration

the LD

of solanine.

50

in mice with intra-
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uniformly

lethal wit hin a period of 1 to 3 hours.

The LD

a lthough it showed symptoms , was nonleth al.
32. 3 mg / Kg with 19/ 20 confidence

limits

Appendix).

of solanine

The ip administration

A dose of 10 I\lg/Kg,

50

was calculated

of 27 . 6 - 37. 9 mg / Kg (Table 25,
caused irritation

minute and then the a nimal appea red quiet and then became
(Fig.

19).

Breathing

was slightly

rapid.

and the passage

of feces was observed

were paralyzed

and difficulty

state of unconsciousness
Recent reports

The animals

in breathing

estimating

was noticed.

the LD

50

According

They reported

(ip) of 42 :!:_1. 8 mg Kg of mice.

based on our experimental
et al.

The post-mortem

and also reported

Clinical
rabbits

death.

examination

attributed

observed

observations

difficulty

were

for the stomac h

administration

solanine

was very toxic
parenterally

The calculated

.

values

with those of Nishie
in our experiments
any well-defined

symptoms

to the toxic effect of solanine.
and anticholinesterase

of solanine

A sever e depression

Breathing

results

50

when adm inistered

data are in close agreement

given toxic amounts

stimulation.

a nd rabbits

by Gull et al. (1970) did not reveal

which can be directly

A deep and prolonged

The LD

to Nishie et al.,

mic e, rats,

50

The hind legs

a nd ip injection

to the chick embryo,
LD

diarrhea

values using pure alkaloid

(1971).

was 590 mg of solanine

was 75 mg per Kg of rat.

developed

before death.

made by Gull et al. (1970) and Nishie etal.
tube administration

for about a

drowsy a nd apathetic

in a very short time.

was observed

to be

effects

did not show marked

of sola nine.
parasympathetic

was noted which caused prostration

was apparent.

The

prior

Those not de ad in about 24 hours

to

72

re covered completely.
resp onse to stimuli,
muscle weakness

The depressive
partially

Usually,
injection,

closed eyes,

resembling

tw itching or convulsions

partial

disinclination

paralysis

increased

but such rapid respiration

to move and apparent

of limbs.

nearly

There were occasional

15 minutes after the ip

subsided in about 1/ 2 hour.

30 mg / Kg solanine died in 50 minutes,

2 1/ 2 to 24 hours.

with lack of

just before death and the pupils were widely dilated.

the rate of respiration

administered

phase was associated

The animals

those 20 mg / Kg died in

One rabbit given 20 mg / Kg survived

and recovered

com-

pletely.
The pattern

of plasma and erythrocytic

r abbits is shown in Table 5.

It is apparent

cholinesterase

inhibition in

that s olanine was a weak to mod-

er a te inhibitor

of both specific and nonsp e cific cholinester a se.

comparatively

less inhibition of ery thr ocy tic cholinesterase

in vivo.

There was

than that in plasma

Such a diffe r enc e could have been caus e d by (1) th e dist r ibu tion of

solanine at these two sites;

(2) differences

the enzyme fr om two different

sources;

in the mechanism

or (3) because

blood cells if the inhibition was reversible.

may be speculated

of the dilution of red

Following small increments

solanine in a dog, a quick inhibition but rapid recovery
of s erum enzyme (Fig. 20).

of inhibition of

was noted in the case

No inhibition of red cell enzymes was noted.

that small doses of solanine may cause discomfort

ing e stion, but, in repeated
inhibition will be noticed.

of

doses,

upon

little effect because of acetylcholinesterase

It
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Table 5.

Sex

Acety !cholinesterase
activity
administration
of solanine

Weight
in Kg

Dose of
solanine
in mg/Kg

of rabbits

2.95

Time in
min.

Serum

20

20

88.2

100.0

45

72.9

98.7
81. 3

Rabbit
4.50

20

3.60

20

79.3

61. 6

40

72.4

76.9

80

44.8

76.9

140

55.2

225

55.2

F

a

3.20

.
Activity expressed
individual rabbit.

30

as percentage
·

66.6

80.5

71. 4

40

73.2

78.6

85

68.3

68.6

140

73.2

71. 4

210

73.2

82.9

24 hrs.

Recovered

No. 4

25

76.9

97.7

50

74.4

91. 0

of initial

145 min.

No. 3

15

Rabbit

Time of
death

No. 2

20

Rabbit
M

Red cells

No. 1

145

F

intraperitoneal

Per cent activitya of
acety !cholinesterase

Rabbit
M

following

value before

solanine

50 min.

injection

in
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Fig.

20.

Erythrocyte
cumulative

and plasma cholinesterase
levels of a dog following
dose of intraperitoneal
administration
of solanine.

75

120

100

,,

,

~---~ ,...

-~

,,

RedCe'!.,

,,~--

,~

.e' 80

>

u

-

c

;; 60

-

c..:,
a.,

~

40

20

O..._~~~~--~~~~--~~~~~"---'
0

10

20

Cumulative
Dose,mg/kg

30

76
Influence of three drugs on solanine tox i city.
thi s experiment
lowered

are summarized

the mortality

from 9/ 10 to 5/ 10.
amphetamine

of solanine.

Similar

of pargyline

hydrochloride

sulfate

and

The mice injected

before the administration

to the effect of other drugs,

the solanine

Bioassay.

dose of atropine

in 8/ 9 and 10/ 10 mortality.

effects,

obtained in

into mice of 40 mg/Kg of solanine

some time after the solanine injection.

had no important

T. viride.

A prior

were very active and stimulated

a nd co unteracted

while atropine

this period of stimulaThus amphetamine

influence

appeared

and

antagonistic

toxicity.

Solanine was found to be toxic to the growth of the fungus

The daily rate of growth was the same on the control medium

without solanine

and the medium containing

incre a se in con centration
inhibition

applications

In comparison

tion persisted
pargyline

after ip injection

sulfate resulted

with amphetamine

in Table 6.

The results

of solanine

of growth (Fig. 21).

10 mg of solanine

in the medium

limits

The

showed a progressive

The (Lethal Concentration)

100 ml of the medium with 19/20 confidence

per 100 ml.

(PDA)

LC

50

was 102. 2 mg/

of 83. 85 - 124. 6 mg

(Table 26, Appendix).
Many workers
vars to the presence
(1968) mentioned
carbonum

of glycoalkaloid

that solanine

and accounted

peel extracts
developed

have attributed

the resistance

in the tuber and plant.

was highly fungitoxic

technique

alfalfa using Trichoderma.

of potato culti-

Thus Allen and Kuc

to Helminthosporium

for at least 90 per cent of the fungitoxicity

to this fungus at pH 5. 6.

a bioassay

character

Zimmer,

for quantitative

The present

Pedersen,
evaluation

of potato

and McQuire

(1967)

of saponin content in

work showed the fungitoxicity

of

77

Table 6.

Influence of three drugs on solanine toxicity in mice

Pretreatment

Deaths/total
No.
in group

Per cent
death

Time of
death in
hours

None

9/10

90.00

1 - 2 1/2

Pargyline
mg / Kg

8/9

88.89

1 - 8

10/ 10

100.00

5/10

50.00

5

Amphetamine
5 mg/Kg

Atropine
2 mg / Kg

1/2 - 1

2 - 8
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Fig.

21.

Concentration--per
Trichoderma

cent curve,

illustrating

viride grown on solanine

the LC

dissolved

50
PDA.

value in
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solanine
technique

to Trichoderma

and may be further

for rapid estimation

for solanine.

developed to formulate

a bioassay
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SUMMARY AND CONCLUSIONS

Formation

and control of chlorophyll

(Solanum tuberosum,

and solanine in the potato

L.) tubers were studied and the toxicity of solanine

was evaluated.
When exposed to 100 ft-c of white fluorescent
of Bounty, Kennebec,

Norchip,

ing and solanine development.

light for 5 days, tubers

and Red Lasoda were most sensitive
LaChipper

to green-

and Platte tubers were resistant

to

li ght effe cts .
Chlorophyll
tubers,

synthesis

was inversely

related

to specific

gravity of

while specific gravity did not affect solanine synthesis.
Studies on the effect of four light intensities

on Kennebec potato tubers

that we r e s tored for nearl y 6 months showed that more chlorophyll
100 and 150 ft-c than at 50 and 200 ft-c light intensities.
was not influenced by the light intensities
Chlorophyll
linearly

apparent

Investigations
Ethrel

and solanine contents in White Rose potato tubers increased

at 70°F.

relationship

The respiration
to chlorophyll

patterns

when exposed to 100 ft-c

of the tubers

did not show any

and solanine formations.

on control of greening showed that the two chemicals,

(2-chloroethylphosphonic

hydrazide)

The solanine synthesis

studied.

up to the tenth and sixth days, respectively,

light intensity

formed a t

acid) and Alar (succinamic

were effective in inhibiting

dose of 10 krads of gamma radiation

chlorophyll

acid 2, 2-dimethyl-

and solanine synthesis.

inhibited 80 per cent while polyethylene

The

82

packaging
Storage

of tubers

of chlorophyll .
combination
solanine

co 2 ,

with 15 per cent

only 32 per cent of chlorophyll

at 126 mm-Hg pressure
The irradiation

and the storage

and

at subatmospheric

either

pressures

inhibition

alone or in

did not affect

synthesis.

vir i de.

of solanine

The LD

50

and nonspecific

2 mg / Kg of atropine

sulfate

at 40 mg / Kg of solanine

from solanine.

of potato-dextrose-agar

lowered

single dose) in mice was 32. 3 mg

A prior

the mortality

from 9/ 10 to 5/1 0.

inhibitor

intraperitoneal

after ip injection

Similar

applications

(5 mg /K g ip) had no important

The concentration

into mice
of pargyline

effects

of 10 mg of solanine

of 200 mg, the growth ceased.

was 102. 2 mg/100 ml.

of

dose of

on

per 100 ml

medium had no toxic effect on the Trichoderma

while at a concentration

Concentration)

a dog, and the fungus Tricho-

Solanine was a weak to moderate

cholinesterase.

(5 mg / Kg ip) and amphetamine
mortality

rabbits,

(intraperitoneal,

per Kg body weight.

both specific

growth,

in complete

co 2 environment

Solanine was toxic to mice,
derma

resulted

synthesis.

The LC

fungus
50

(Lethal
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APPENDIX

Table 7.

Analysis of variance of chlorophyll extracted from tubers
at 100 ft-c for 5 days during March-April,
1970

of 11 cul ti vars exposed

to white fluorescent

light

Source

df

SS

MS

F

0.0 1

Cultivars

10

7.1231

0. 7123

28.57

4.85

1

0.0542

0.0542

Error

10

0.2494

0.0249

Total

21

7.4267

Replication

LSD= 0. 436
LaChipper

Platte

Cascade

LaRouge

Sioux

Norchip

0. 691

0. 720

o.966

1. 175

1. 247

1. 395

Red Lasoda
1. 566

Shurchip

Russet

Kennebec

Bounty

1. 808

2. 083

2. 228

2. 431

CD
I-'

Tab le 8.

Analysis of variance of solanine extracted from tubers
100 ft-c for 5 clays during l\ilar ch-April , 1970

Source

elf

Cul ti var

10

of 11 cultivars

s

902.15

9021. 50
13.70

13.70

10

852.19

85.22

Sample error

22

372 .4 1

16.93

Total

43

Experimental

error

to white fluorescent

MS

1

Replication

exposed

light at

F

0.01

10.59

4.85

10 259 .80

-----------------------------------

----------------------------

------

-

LSD = 18. 04
Shur chip

LaChipper

44.50

44.81

Platte

Sioux

55. 86 58. 93

Cascade
65.69

Russet
69. 07

Red Lasoda
69.99

Bounty
70. 30

LaRouge
73.06

Norchip

Kennebec

79.20

96.40

(,0
N)

93

Table 9.

Replication

Chlorophyll determination
of Kennebec potato tubers classified
the basis of specific gravity and exposed to 100 ft-c of white
fluorescent
light for a period of 5 days, April, 1970

1. 06-1. 08

Specific gravity
1. 08-1. 10

1. 10 & above

on

Total

I

2.618

2.025

1.681

6.324

II

2.522

2.431

1.385

6.338

III

2.488

1.882

1.275

5.645

7.628
(2.543)

6.338

4.341
(1. 447)

18.307

(2. 113)

Total

Figures

in brackets

represent

means.
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Ta ble 10.

Specific

Solanine determination
of Kennebec potato tubers classified
on
the basis of specific gravity and exposed to 100 ft-c of white
fluorescent
light for a period of 5 days, April, 1970

gravity

1. 06 - 1. 08

1. 08 - 1. 10

1. 10 and above

Total
Figures

in brackets

I

Reelications
II

III

96.70

94.25

101. 62

102.85

95.48

199.55

199.55

189.73

97.93

105.30

91. 79

101. 62

102.85

85.65

103.20

208.15

177.44

204.82

78.28

86.88

91. 79

85.65

88.11

78.28

163.93

174.99

170.07

571. 63

551. 98

564.62

represent

means.

Total

588.83
(98. 138)

590.41
(98. 401)

508.99
(84. 830)
1688.23
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Table

11.

Analysis of variance of chlorophyll from potato tubers classified
on the basis of specific gravity and exposed to white flu orescent
light at 100 ft-c for 5 days

Source

df

SS

MS

Treatment

2

1.829

0.915

Replication

2

0. 105

0.053

Error

4

0.154

0.039

Total

8

2.088

Test of significance
LSD:

for comparison

between

F

0.01

23.46

18.00

means.

0. 604
1. 06 - 1. 08

2.543

1.08-1.10
2.113

1. 10 and above
1. 447
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Table 12.

Analysis of variance of solanine from potato tubers classifi e d on
the basis of specific gravity and exposed to while fluorescent
light at 100 ft-c for 5 days

Source

df

SS

MS

F

0.05

4.61

6.94

Treatment

2

722.56

361. 28

Replication

2

33.06

16.53

Expt.

4

313.77

78 .44

error

Sa mple error

Total

9

17

16 8.75

1238. 14

18.75
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Table

13.

Chlorophyll determination
of Kennebec potato tubers exposed to
four light intensities
of white fluorescent
light for a period of
5 days, April-May,
1970

Light intenxity

I

Reelications
II

III

Total

200 ft-c

1. 213

1. 103

1. 275

3.591
(1. 197)

150 ft-c

1. 643

1. 92 4

1. 643

5.210
(1. 737

100 ft-c

2.025

2.431

1.882

6.338
(2. 113)

50 ft-c

Total

1. 041

1. 337

1. 999

3.577
(1. 192)

5.922

6.795

5.999

18. 716
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Table

14.

Solanine determination
of Kenneb ec potato tubers exposed to four
light intensities
of white fluores cent light for a period of 5 days,
April-May,
1970

Light intensities
200 ft-c

150 ft-c

50 ft-c

Total
Figures

in brackets

III

123.73

113.90

112. 67

122.49

120 .04

107.76

246.22

233.94

220.43

81. 96

83.19

84.42

122 .49

83.19

205.69

204.45

166.38

121. 27

100 ft-c

a

Replications
II

I

105.30

91. 79

101. 62

102.84

85.65

104.07

208.14

177.44

205.69

10 8.99

97.93

93.02

86 . 88

116. 36

95.48

19 5 . 87

214.29

188.50

855.92

830.12

781. 00

indicate

means.

Total

700.59
(116. 77)

576.52
(96. 09)

591. 27
(98. 54)

598.66
(99. 78 )

2467.04
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Table 15.

Analysis of variance
four light intensities
5 days

Source

of chlorophyll from potato tubers exposed
of white fluorescent
light for a period of

MS

SS

df

Treatment

3

1. 8104

0.603

Replication

2

0.0825

0.041

Error

6

0.1910

o. 032

Total

11

2.0839

Test of significance
LSD:

for differentiating

F

0.01

18.86

9.78

means.

0. 459
100 ft-c

150 ft-c

200 ft-c

2.113

1. 737

1.197

50 ft-c
1. 192

to

100

Table 16.

Analysis of variance
four light intensities
5 days

Source

df

for solanine from potato tubers exposed to
of white fluorescent
light for a period of

SS

MS

Trea tment

3

1604.01

534.67

Replication

2

362.14

181. 07

Expt. error

6

771. 17

128.53

Sam ple error

12

236.89

Total

23

2974.21

19. 74

F

4.16

0. 05

4.76

10 1

Table 17.

Chlorophyll determination
of Kennebec potato tubers subjected
to chemical treatments
and exposed to 100 ft-c of white fluorescent light for a period of 5 days, December,
1969

Treatment

Re12lications
II

I

---------

III

Total

Control

1. 834

1. 705

2.679

6.218
(2. 073)

Cycocel

1.958

1. 958

2.316

6.232
(2. 077)

Ethrel

0.317

0.573

0.683

1. 573
(0. 524)

Alar

0.898

1. 131

0.793

2. 822
(0. 94 1)

MH

1. 814

1. 552

1. 848

5.214
(l. 738)

------------------------------Total
Figures

6.821
in bracket

indicate

---- -- ----- --------------------------6.91 9

means.

8.319

22.059
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Table 18.

Solanine determination
of Kennebec potato tubers subjected to
chemical treatments
and exposed to 100 ft-c of white fluorescent light for a period of 5 days, December,
1969
Replication

Treatment
Control

Ethrel

I

II

III

83. 19

80.74

100.39

95.48

70.91

85.65

178.67

151. 65

186.04

56.17

73.37

64.77

61. 08

61. 08

58.63

117. 25

134.45

123.40

Total

516.36
(86. 06)

375.10
(62. 52)

Cycocel

Alar

MH

Total

75.82

79.51

97.93

66.00

85 .65

89.33

141. 82

165.16

187.26

63.54

58.63

59.86

63.54

51. 26

54.94

127.08

109.89

114. 80

93.02

79.51

94.25

77 .0 5

74.59

86.88

170. 07

154.10

181. 13

734.89

715 . 25

792.63

494.24
(82. 37)

351. 77
(58.63)

505.30
(84. 22)
2242.77
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Table

19.

Analysis of variance of chlorophyll
extracted
from potato tuber
peels subjected to chemical treatments
and exposed to white
fluorescent
light at 100 ft-c for 5 days
df

SS

Treatment

4

5.936

1. 484

Replication

2

0.282

o. 141

Error

8

0.546

0. 068

Total

14

6.764

Source

Test of significance
LSD:

MS

for comparisons

between

F

21. 82

0.01
7.01

means.

0. 617

Cycocel

Control

2 . 077

2.073

MH

Alar

Ethrel

1. 378

0.941

0.524

104

Table 20.

Analysis of variance
chemical treatments
100 ft-c for 5 days

Source

of solanine from potato tubers subjected to
and exposed to white fluorescent
light at

MS

SS

df

Treatment

4

4111. 268

Replication

2

323.577

161. 79

Expt. error

8

859.620

107.45

Sample error

15

648.986

43.27

Total

29

5943. 451

Test of significance

1027.82

for comparison

F

9.57

0.01
7.01

between means.

LSD: 17. 33
Control

Cycoce1

MH

Ethrel

Alar

86. 06

82.37

84.22

62.52

58.63
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Table 21.

Determination of chlorophyll of Russet Burbank potato tubers
treated with 10 krads dose of gamma radiation,
CA, and gamma
radiation + CA and then exposed to 100 ft-c light intensity for
5 days at 70°F in polyethylene bags
Re2lication
I

II

Total

Control

4.197

4.394

8.591
(4. 295)

co 2

2.722

3.015

5.737
(2. 869)

IR

0.702

1. 053

1. 755
(0. 877)

IR+ CA

0.666

0.697

1.363
(0. 681)

Treatm ent

15% (CA)
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Table 22.

Determination
of solanine of Russet Burbank potato tubers treated
with 10 krads dose of gamma radiation,
CA, and gamma radiation
+ CA and then exposed to 100 ft-c light intensity for 5 days at 70°F
in polyethylene
bags
Replication

Treatment
Control

co 2

15 % (CA)

IR

IR + CA

I

II

63.54

69.19

66.00

72.14

129.54

141. 33

54.94

61. 82

48.80

66.00

103.74

127.82

62.31

61. 82

58.62

72.88

120.93

134.70

53.71

56.91

56.17

53.22

109.88

110. 13

Total

270.87
(67. 72)

231. 56
(57. 89)

255.63
(63. 91)

220.01
(55. 00)
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Table 23.

Analysis of variance of chlorophyll of Russet Burbank potato
tubers treated with 10 krads dose of gamma radiation,
CA,
and gamma radiation + CA and then exposed to 100 fL-c light
intensity for 5 days at 70°F in polyethylene bags

s

df

Source

MS

Treatment

3

17.6969

5.8989

Replication

1

0.0951

0.0951

Error

3

0. 1152

0. 0384

Total

7

LSD:

F

153.66

17.9072

0. 8897
Control
4.295

co 2

15% (CA)

2. 869

IR

0.877

IR + CA

0.681

0.01
29.46
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Table 24.

Analysis of variance of solanine of Russet Burbank potato tubers
treated with 10 krads dose of gamma radiation,
CA, and gamma
radiation+
CA and then exposed to 100 ft-c light intensity for
5 days at 70°F in polyethylene bags

Source

df

SS

MS

Treatment

3

396.61

132.2

Replication

1

155.56

155.56

Expt. Error

3

Sample error

8

112.77

15

736.51

Total

71. 57

23.86

14. 10

F

0.05

5.54

9.28

Table 25.

Estimation

of LD

50

in mice.

Tabulated data for statistical
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10
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s = 5. 3761
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0.3487

46.4720
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3.8644
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0.3471

32 .9677

14.9492
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50.9053
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-0. 0701
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58. 4553

5.5037

0.251 3
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236 .1961
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-0 .5081

. 343

3 . 43
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21. 5404

11. 6771

135.2737

39.7442

6.8266

0. 5466

. 208

2.0 8

4.0647

14.9219

7.9433

107.0498

29.1604

7.4206

0.2 466

-------------------------------------------------------

y = 5. 4552

::I

0.4693

33.35
n = number of mice injected.
r = number of mice died.
p = per cent of mice died.

"'~

53.1335

181. 9320

0. 88 08

---------------- ----------85 .6402

1025.59 81

295.2317

b = -3. 2185
0
bl = 5. 4442

= 32. 3 mg / Kg body weight
50
Confidenc e interval: 27, 6 - 37. 9
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= 3. 8485
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3.7962
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2. 0000
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12.7724
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60.9752

25.5447

4.9306
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2. 1761

4.2

1. 60

61. 90

5.307
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5 . 294

0. 581
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5.3101

12.9184

11. 5553

68 . 3901

28. 111 8

6 .21 92

0. 9252
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2.3010

4.2

0.50

88 .10

6. 185

5.8

6. 120

0 . 503
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4. 8611

12 .9 291

11. 1854

79.1262

29.7499

7. 1331

1. 0131
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49 . 2212
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-

9.5928
n = average
r = average

da ily growth on the co ntrol m ed iu m \PDA).
daily growth on P DA with respecti ve concentration

--·
19.4'184

x=

of so lanine.

2. 0274
y = 5.1311
sxx = o. 592 7
syy = 4 . 3370
sxy = 1. 4480
;;(2 = o. 7995

0 . 256 1

6 . 4498

--256.8938

10 1. 2391

b = -9. 7042
0
bl = 7. 3174
LC

= 102. 2 mg/100 ml
50
Confidence interval = 83 . 85 - 124. 6
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